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COMPOUND SOLID TIRE 
BACKGROUND OF THE INVENTION 
Technical Field 

[OOOl] The present invention concerns a compound soUd tire with a 
two-layered structure of a core and a cover tire, and more particularly, a 
compoimd . solid tire that prevents the core tire from deviating from the 
cover tire and also prevents the side part of the cover tire from opening. 
Related Art 

[0002] A soUd tire, being composed of sohd elastic materials, is better 
than a pneumatic tire in terms of higher load support capabilities and the 
absence of any air leaking, and is particularly used in heavy transportation 
vehicles and so on. 

[0003] Concerning the aforementioned solid tire, the Inventor has 
proposed composing a solid tire of a core tire and a cover tire (the tread) by 
fitting them in a non-bonding state, as disclosed in Japanese Patent 
Publication No. 3245619. Such a compound solid tire has the advantage of 
enabling to show the flexible elasticity as in a pneimiatic tire without 
damaging load capacity, and to reduce the running cost of a tire by 
replacing worn cover tires. 

[0004] However, since the core tire and cover tire are fitted in a 
non-bonding state as in the aforementioned compound tire, for instance, 
the core tire can be deviated firom the cover tire in the circimiferential 
direction of the tire during braking or driving, thus the braking or driving 
force can be insufficiently transmitted. Also, the core tire can be deviated 
from the cover tire in the axial direction of the tire when turned in a 
non-driving state, and the side part of the cover tire may open. Therefore, 
these inconveniences have made it difficult to put to practical use the 
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aforementioned compound solid tire. 

Disclostire of the Invention 
[0005] An object of the present invention is to provide a compound solid 
tire capable of preventing the core tire and the cover tire from deviating 
and preventing the side part of the cover tire from opening. 
[0006] Tb achieve the aforementioned object, a compoimd solid tire 
comprises of a core tire made of an annular elastic body and an annular 
cover tire with an inner peripheral surface to be fitted to the outer 
peripheral surface of the core tire, the cover tire comprising the tread part 
and side parts, wherein the inner peripheral length of the cover tire at the 
center position of the inner peripheral surface is set to 92 to 99.5% of the 
outer peripheral length of the core tire at the center position of the outer 
peripheral surface. 

[0007] Here, it is preferable to set the expanded width of the inner 
peripheral surface of the cover tire to 95 to 100% of that of the outer 
peripheral surface of the core tire. Also, it is preferable to set the curvatixre 
radius in the tire axial direction of the inner peripheral surface of the cover 
tire to 60 to 75% of the curvature radius in the tire axial direction of the 
outer peripheral surface of the core tire. 

[0008] Thus, it is possible to prevent the core and cover tires from 
deviating in the tire circumferential direction and in the tire axial 
direction , through increasing the tightening force of the core tire with the 
cover tire, by fitting the dimensions and shape of the cover tire to the core 
tire. Particularly, as tension is generated in the side part of the cover tire, 
the side part of the cover tire is effectively prevented from opening when 
turned in a non- driving state, and the cover tire is effectively prevented 
from coming off the core tire. 



2 



[0009] In the present invention, it is preferable to dispose a flange on the 
inner peripheral edge of the side part of the cover tire, thereby more 
securely preventing any deviation between the core tire and the cover tire, 
opening of the side part of the cover tire and dislocation of the cover tire. 
[0010] Supposing the section height of the assembly of the core tire and 
the cover tire is A, the section height of the cover tire B, the tread thickness 
at the center position of the inner peripheral stxrface of the cover tire C, the 
tread thickness at the shotdder position of the cover tire D and the flange 
thickness of the cover tire E, it is required that the proportion (%) of these 
dimensions satisfies the following expressions (l) to (4)- 

35^B/AX 100^70 • • • (1) 

5^C/AX 100^30 • • • (2) 

100 ^D/CX 100^120 • • • (3) 

30^E/CX 100^60 ... (4) 

[00 11] When the aforementioned dimensional proportions are satisfied, 
any deviation between the core tire and the cover tire, opening of the side 
part of the cover tire and dislocation of the cover tire can be prevented 
more secxxrely in the compound solid tire with a two-layered structxire of 
the core tire and the cover tire. 

[0012] In the present invention, it is preferable that JIS A hardness of 
the rubber compositions which form the cover tire is 60 to 75, and the 
modulus at 300% elongation is 7 to 14 MPa. Thereby, any deviation 
between the core tire and the cover tire, opening of the side part of the 
cover tire and dislocation of the cover tire can be prevented more securely 
[0013] Moreover, it is preferable to provide at least one longitudinal 
groove extending in the circumferential direction and a plurality of 
transverse grooves extending in the tire axial direction on the outer 
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peripheral sxirface of the core tire, ajid on the other hand, to provide a 
protrusion to engage the longitudinal groove and transverse grooves on the 
inner peripheral surface of the cover tire. Thereby, any deviation between 
the core tire and the cover tire, opening of the side part of the cover tire 
and dislocation of the cover tire can be prevented more secxirely. In this 
case, it is preferable to incline the transverse grooves with respect to the 
tire axial direction and to make a pattern formed by the longitudinal and 
transverse grooves non- directional. It then becomes possible to 
simultaneously inhibit deviation in the circumferential and axial directions 
of the tire due to the inclined transverse grooves and, what is more, the 
direction of fitting can not be mistaken when the core tire and the cover 
tire are assembled as the pattern is non-directional. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Fig. 1 is a tire meridian section showing a compound soHd tire 
composed of an embodiment of the present invention; 

[0015] Fig. 2 is a tire meridian section showing a core tire composing the 
compound solid tire in Fig. 1; 

[0016] Fig. 3 is a tire meridian section showing a cover tire composing 
the compound solid tire in Fig. i; 

[0017] Fig. 4 is an enlarged section of Y part in Fig. 3; 

[0018] Fig. 5 is an enlarged section showing a variation of Y part in Fig. 

3; 

[0019] Fig. 6 is a developed view showing the outer peripheral surface of 
a core tire composing the compound solid tire in Fig. i; 
[0020] Fig. 7 is a sectional view taken along line Z-Z in Fig. 6; and 
[0021] Fig. 8 is a tire meridian section showing a compound soUd tire 
composed of an embodiment of the present invention. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0022] The composition of the present invention shall now be descried in 

detail referring to the attached drawings. 

[0023] Fig. 1 shows a compound solid tire composed of an embodiment of 
the present invention. This compound solid tire is composed of annular core 
tire 1 and annxilar cover tire 11, as shown in Fig. 1. The cover tire 11 is 
layered onto the core tire 1 in a non-bonding state, entirely fitting the inner 
peripheral surface 12 thereof to the outer peripheral surface 2 of core tire 1. 
[0024] The core tire 1 is composed of an elastic body mainly composed of 
rubber compositions. Rubber compositions of the core tire 1 are not 
specially defined, and materials used for an ordinary sohd tire can be 
selected conveniently. Particxilaxly, a rubber composition having JIS A 
hardness of 80 to 90 is preferable so as to secure load capacity. Moreover, 
steel rings or steel cords extending in the circumferential direction of the 
tire may be embedded in the core tire 1, and reinforcement fibers composed 
of short fiber or long fiber may be blended in the rubber composition. 
[0025] On the other hand, the cover tire 11 is similarly made of an 
elastic body mainly composed of rubber compositions. The rubber 
compositions of the cover tire 11 are not specially defined, and materials 
used for an ordinary sohd tire can be selected conveniently. Particularly, a 
rubber composition having JIS A hardness of 60 to 75 and the modulus of 7 
to 14 MPa when elongated by 300% at 25 is preferable for imparting a 
sufficient tightening force to the cover tire 11, and for satisfying the 
required tire characteristics such as abrasive resistance at the same time. 
[0026] The cover tire 11 comprises a tread part 13 covering the core tire 
1 fi-om the outer periphery and side parts 14 for covering the core tire 1 
from both right and left sides. A plurality of lug grooves 15 extending in the 
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axial direction of the tire are formed in the tread part 13 of the cover tire 11. 
In the present embodiment, lug grooves are provided in the tread part of 
the cover tire as to form a lug pattern; however, grooves in the 
circumferential direction may be provided in the tread part as to form a rib 
pattern, or grooves in the circumferential direction and lug grooves may be 
provided in the tread part as to form a rib and lug pattern. Also, steel 
cords may be embedded in the tread part 13 of the cover tire 11, and 
reinforcement fibers composed of short fiber or long fiber may be blended in 
the rubber composition. 

[0027] Fig. 2 shows the core tire of the aforementioned compound solid 
tire, while Fig. 3 shows the cover tire of the aforementioned compound solid 
tire. In the aforementioned compoimd soUd tire, dimensions and shapes of 
the core tire 1 and the cover tire 11 are defined as follows. In Fig. 2 and Fig. 
3, the inner peripheral length at the center position Pii of the inner 
peripheral surface 12 of the cover tire 11 is set to 92 to 99.5%, preferably 92 
to 99%, and more preferably 92 to 98% of the outer peripheral length at the 
center position Pi of the outer peripheral surface 2 of the core tire 1. Here, 
the center position Pi of the outer peripheral surface 2 of the core tire 1 is a 
position where the arc or virtual arc of the curvature radius Ri in the axial 
direction of the tire on which the outer peripheral sxurface 2 is drawn 
crosses the tire equatorial plane P and the center position Pn of the inner 
peripheral surface 12 of the cover tire 11 is a position where the arc or 
virtual arc of the cxxrvature radius Rii in the axial direction of the tire on 
which the inner peripheral surface 12 is drawn crosses the tire equatorial 
plane P. The tightening force by the cover tire 11 can be increased, by 
making the inner peripheral length at the center position Pn of the inner 
peripheral surface 12 of the cover tire 11 shorter than the outer peripheral 
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len^h at the center position Pi of the outer peripheral siirface 2 of the core 
tire 1 as mentioned above. However, if the inner peripheral length at the 
center position Pn of the inner peripheral surface 12 of the cover tire 11 is 
too short, it becomes difficult to assemble the core tire 1 and the cover tire 
11. 

[0028] On the other hand, the expanded width Wn of the inner 
peripheral surface 12 of the cover tire 11 is set to 95 to 100%, more 
preferably 95 to 99% of the expanded width Wi of the outer peripheral 
surface 2 of the core tire 1. The tightening force by the cover tire 11 can be 
increased, by making the expanded width Wn of the inner peripheral 
sxirface 12 of the cover tire 11 shorter than the expanded width Wi of the 
outer peripheral surface 2 of the core tire 1 as mentioned above. However, if 
the expanded width Wn of the inner peripheral surface 12 of the cover tire 
11 is too short, it becomes difficult to assemble the core tire 1 and the cover 
tire 11. 

[0029] Moreover, the tire axial curvature radius Rii of the inner 
peripheral surface 12 of the cover tire 11 is set to 60 to 75% of the tire axial 
curvature radius Ri of the outer peripheral surface 2 of the core tire 1. The 
tightening force by the cover tire 11 can be increased, by making the 
curvatxire radius Rii of the inner peripheral surface 12 of the cover tire 11 
shorter than the curvatxire radius Ri of the outer peripheral surface 2 of 
the core tire 1 in this manner. However, if the curvature radius Rii of the 
inner peripheral surface 12 of the cover tire 11 is too short, it becomes 
difficult to assemble the core tire 1 and the cover tire 11. It is preferable 
that the curvature radius Rn meets the aforementioned relation with 
respect to the curvature radius RiJ however, it is sufficient if it is equal to 
or lower than 100% of the curvature radius Ri. 
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[0030] It should be appreciated that the core tire 1 may well have a 
square shoulder as shown by X part in Fig. 2, while the cover tire 11 may 
well have a round shoulder as shown by Y part in Fig. 3. In other words, 
the internal surface 16 connecting to the inner peripheral surface 12 of the 
cover tire 11 is preferably composed of a curved surface of the curvature 
radius RS as shown in Fig. 4. The stabiUty of the core tire 1 and the cover 
tire 11 increased by selecting such shovdder shapes. Also, the inner 
peripheral surface 12 of the cover tire 11 and the internal surface 16 may 
be connected by the curved sxirface of the curvature radius RS' as shown in 
Fig. 5. In this case, the shoulder edge constituting the standard of the 
expanded width Wn shall be decided by the intersection point of the 
extension line of the inner peripheral surface 12 and the extension hne of 
the internal surface 16 as illustrated. 

[0031] The tightening force of the core tire 1 by the cover tire 11 can be 
increased, and these core tire 1 and cover tire 11 are prevented from 
deviating in the circumferential direction of the tire and the axial direction 
of the tire, by fitting dimensions and shape of the cover tire 11 with respect 
to the core tire 1 as mentioned above. Particularly, as a tension is 
generated in the side part 14 of the cover tire 11, the side part 14 of the 
cover tire 11 is effectively prevented from opening when turned in the 
non-driving state, and the cover tire 11 is effectively prevented firom coming 
off the core tire 1. 

[0032] In the aforementioned compound solid tire, a flange 17 that is 
thiclter than adjacent parts of the core tire 11 is formed on the inner 
peripheral edge of the side part 14 of the cover tire 11. Such flange 17 
controls expansion of the side part 14, and any deviation between the core 
tire 1 and the cover tire 11, opening of the side part 14 of the cover tire 11 



8 



and dislocation of the cover tire 11 can be prevented more secxirely. 
[0033] Here, as shown in Fig. 1, supposing the section height of an 
assembly of the core tire 1 and the cover tire 11 be A, the section height of 
the cover tire 11 be B, the tread thickness at the center position of the 
inner peripheral siirface of the cover tire 11 be C, the tread thickness at the 
shoulder position of the cover tire 11 be D and the flange thickness of the 
cover tire 11 be E, it is preferable that the proportion (%) of these 
dimensions satisfies the following expressions (l) to (4). It should be 
appreciated that the tread thickness C is a tread thickness fi-om the center 
position Pll of the inner peripheral surface of the cover tire 11 to the 
center position of the tread surface. Besides, the tread thickness D is a 
tread thickness from the shoulder edge of the core tire 1 to the shoulder 
edge of the cover tire 11. 

35^B/AX 100^70 • • • (1) 

5^C/AX 100^30 • • • (2) ' 

100^D/CX100^120 • • • (3) 

30^E/CX 100^60 • • • (4) 

[0034] When the aforementioned dimensional proportions are satisfied, 
any deviation between the core tire 1 and the cover tire 11, opening of the 
side part of the cover tire 11 and dislocation of the cover tire 11 can be 
prevented more securely, for the compound soUd tire with two-layered 
structure of core tire 1 and cover tire 11. 

[0035] Here, if the proportion of the section height B with respect to the 
section height A is lower than 35%, the core tire 1 and the cover tire 11 
deviate easily, and on the contrary, if it exceeds 70%, the tire assembly 
operation becomes difficult. If the proportion of the tread thickness C with 
respect to the section height A is lower than 5%, the core tire 1 and the 
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cover tire 11 deviate easily due to the deformation of the cover tire 11, and 
on the contrary, if it exceeds 30%, the tire assembly operation becomes 
difficult. If the proportion of the tread thickness D with respect to the tread 
thickness C is lower than 100% or more than 120%, the core tire 1 and the 
cover tire 11 deviate easily. If the proportion of the flange thickness E with 
respect to the tread thickness C is lower than 30%, the core tire* 1 and the 
cover tire 11 deviate easily, and on the contrary, if it exceeds 60%, the 
assembly operation becomes difficult. Though it is preferable that the tread 
thickness C and the flange thickness E satisfy the aforementioned relation, 
it is sufficient enough if 25^ E/C x 100^100. 

[0036] In the aforementioned compound solid tire, as shown in Fig. 6, at 
least one longitudinal groove 3 extending in the circumferential direction of 
the tire and a pluraUty of transverse grooves 4 extending in the axial 
direction of the tire are formed on the outer peripheral surface 2 of the core 
tire 1. The side walls of these transverse grooves 4 are slant in the taper 
shape as shown in Fig. 7. On the other hand, protrusions 18, 19 engaging 
with the longitudinal groove 3 and transverse grooves 4 are formed in the 
inner peripheral surface 12 of the cover tire 11. The protrusion 18 
extending in the circumferential direction of the tire is destined to prevent 
deviation mainly in the axial direction of the tire. The protrusion 19 
extending in the axial direction of the tire is destined to prevent deviation 
mainly in the circumferential direction of the tire. 

[0037] The transverse grooves 4 are slant with respect to the axial 
direction of the tire by curving as illustrated or the like. Therefore, the 
protrusion 19 engaging with the transverse groove 4 not only prevents 
deviation in the circumferential direction of the tire but also comes to have 
a role to prevent deviation in the axial direction of the tire. When the 
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transverse grooves 4 are slant with respect to the axial direction of the tire, 
if the pattern by the longitudinal groove 3 and the transverse grooves 4 are 
directional, the mounting direction might be mistaken when the core tire 1 
and the cover tire 11 are assembled. There, an erroneous fitting during the 
tire assembly can be avoided securely, by differentiating the inclination 
direction of the transverse grooves 4 on both side parts of the tire 
equatorial plane P as illustrated, in other words, by forming a 
non-directional pattern, by making the groove pattern point-symmetrical 
around £in arbitrary axis included in the tire equatorial plane P and 
extending in the tire radial direction. 

[0038] Though, in the embodiment mentioned above, protrusions 18, 19 
adhere to the grooves 3, 4, a gap may exist between these grooves 3, 4 and 
protrusions 18, 19. For example, riding comfort can be improved by 
increasing the flexibihty of the core tire 1, if the depth of the longitudinal 
groove 3 is larger than the height of the protrusion 18. Similarly, notches or 
grooves extending in the circumferential direction of the tire may be added 
to the outer peripheral sxu^ace 2 of the core tire 1, in order to improve the 
riding comfort. Also, the protrusion 18 extending in the circumferential 
direction of the tire may be eliminated, and the protrusion 19 may exist 
continuously in the axial direction of the tire. 

[0039] Fig. 8 shows a compound solid tire according to another 
embodiment of the present invention. This compound soUd tire is composed 
of an annxilar core tire 21 and an annular cover tire 31, as shown in Fig. 8. 
The cover tire 31 is layered on the core tire 21 in a non-bonding state, 
fitting the inner peripheral surface 32 thereof to the outer peripheral 
surface 22 of the core tire 21. Dimensions of the core tire 21 and cover tire 
31 are set similarly to the core tire 1 and the cover tire 11 as mentioned 
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above. 

[0040] In the aforementioned compound solid tire, the cover tire 31 
comprises a tread part 33 covering the core tire 21 from the outer periphery 
side and side parts 34 for covering the core tire 21 from both right and left 
sides, and a plxirality of lug grooves 35 extending in the axial direction of 
the tire are formed in the tread part 33, while a flange 37 is formed in the 
inner peripheral edge of the side part 34. 

[0041] Besides, in the aforementioned compound solid tire, three (3) 
longitudinal grooves 23 extending in the circumferential direction of the 
tire are formed in the outer peripheral surface 22 of the core tire 21. On the 
other hand, a protrusion 38 engaging with the longitudinal groove 23 is 
formed in the inner peripheral surface 32 of the cover tire 31. The depth of 
these longitudinal grooves 23 is set larger than the height of the protrusion 
38. 

[0042] In the aforementioned compound solid tire also, the tightening 
force of the core tire 21 by the cover tire 31 is increased, by fitting 
dimensions and shape of the cover tire 31 with respect to the core tire 21, 
these core tire 21 and cover tire 31 are prevented firom deviating in the 
circumferential direction of the tire and the axial direction of the tire, and 
the side part 34 is effectively prevented from opening. 
Example 

[0043] As a tire for heavy cargo transportation vehicle, a compoimd solid 
tire (example 1) with a tire structure shown in Fig. 1 and dimensions 
shown in Table 1, and a compound solid tire (example 2) with a tire 
structure shown in Fig. 8 and dimensions shown in Table 1 were 
manufactured. For the purpose of comparison, compound solid tires 
(comparative example 1 to 3) with the tire structxire shown in Fig. 8 and 
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different dimensions shown in Table 1 were manufactured respectively. 
[0044] The inner peripheral length of the cover tire is shown by the 
proportion (%) to the outer peripheral length of the core tire, in Table 1. 
The expanded width of the inner peripheral surface of the cover tire is 
shown by the proportion (%) to the expanded width of the outer peripheral 
surface of the core tire. The curvature radius of the inner peripheral 
surface of the cover tire is shown by the proportion (%) to the curvature 
radius of the outer peripheral surface of the core tire. 

[0045] Moreover, the Table 1 also shows the proportion (%) of the section 
height B with respect to the section height A, the proportion (%) of the 
tread thickness C with respect to the section height A, the proportion (%) of 
the tread thickness D with respect to the tread thickness C, and the 
proportion (%) of the flange thickness E with respect to the tread thickness 
C. 

[0046] Assembling workabiHty, deviation in the circumferential direction 
of the tire, opening of the side part, and deviation in the axial direction of 
the tire of the aforementioned five kinds of compound solid tire were 
evaluated by using the following evaluation methods and results thereof 
are also shown in Table 1. 

Assembling workability- 
[0047] For each compound solid tire, the core tire and the cover tire were 
superposed one on the other coaxially, the core tire was pressed in the cover 
tire using a press machine, and the pressure was measured at that time. As 
evaluation result, the pressiu-e (MPa) during the press-insertion is shown 
as it is. Smaller is this pressure, better is the assembling workability. 

Deviation in the circumferential direction of the tire- 
[0048] Each compoimd solid tire was mounted on the front wheel 
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(corresponding to 7.00 ■ 12) of a fork lift capable of loading the maximum 
weight of 2.5 tons, a sudden braking was applied from a driving state of 
15km/h with 2 tons load, and deviation degree in the cixcimiferential 
direction of the tire between the core tire and the cover was measured. As 
evaluation result, the deviation degree (mm) is shown as it is. 

Opening of the side part- 
[0049] Each compound solid tire was mounted on the front wheel 
(corresponding to 7.00 - 12) of a fork lift capable of loading the maximum 
weight of 2.5 tons, a turning motion was executed from the non-driving 
state with 2 tons load, and the occurrence condition of side part opening 
was confirmed by visual observation. As evaluation result, absence of the 
opening is shown by "©", slight occurrence of the opening by "O", eminent 
occurrence of the opening by "A" and drive impossibility due to the opening 
by "X". 

Deviation in the sixial direction of the tire- 
[0050] Each compoxmd sohd tire was mounted on the front wheel 
(corresponding to 7.00 • 12) of a fork lift capable of loading the maximum 
weight of 2.5 tons, it was served for work inside premises with 2 tons load, 
and deviation in the axial direction of the tire between the core tire and the 
cover was confirmed by visual observation. As evaluation result, absence of 
the deviation in the axial direction is shown by "@", slight occurrence of the 
deviation in the axial direction by "O", eminent occurrence of the deviation 
in the axial direction by "A" and drive impossibility due to the deviation in 
the axial direction by "X". 
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Tire structure 


Inner peripheral length of cover tire 
(%) 


Expanded width of inner peripheral 
surface of cover tire (%) 


Curvature radius of cover tire inner 
peripheral surface of cover tire (%) 


B/AX100(%) 


C/AX100(%) 


D/CX100(%) 


E/CX100(%) 


Assembling workability 
(Pressure- MPa) 


Deviation in circumferential direction 
of tire (mm) 


Opening of side part 
(visual observation) 


Deviation in axial direction of tire 
(visual observation) 



As shown in this Table 1, compound soUd tires of Examples 1 and 2 present 
a good assembling workability, and inconvenience such as deviation between 
the core tire and the cover tire or opening of the side part were barely seen. 
[0051] The preferred embodiments of the present invention are described 
5 in detail; however, it should be xmderstood that various modifications, 
replacements, and deviations may be made therein, as long as such 
modifications, replacements, and deviations fall within the true spirit and 
the scope of the present invention covered by the appended claims. 
INDUSTRIAL APPLICABILITY 

10 [0052] The compound solid tire according to the present invention 
comprises a core tire made of an annxilar elastic body and an annular cover 
tire with its inner peripheral surface to be fitted to an outer peripheral 
siirface of said core tire, the cover tire comprising a tread part and side 
parts, and enables to prevent the core tire and cover tire firom deviating and 

15 the side part of the cover tire from opening, by fitting dimensions and shape 
of the cover tire to the core tire. As a result, it becomes possible to use a 
compound soHd tire with a two-layered structure of core tire and cover tire 
without problem until the wear life of the cover tire, and to promote the 
generalization of compound solid tires excellent in economy. 
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